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ABSTRACT

This report is a compilation of a bibliography
on "Fouling Control Technology." It presents over
500 references applicable to 40 areas under the
broad topic of Fouling Control. It is provided
through a David Taylor Naval Ship Research and De-
velopment Center computerized fouling control data
base which is intended to be updated on an annual

basis.

GENERAL INTRODUCTION

Several researchers at the David Taylor Naval Ship Research
and Development Center (DTNSRDC) were requested to prepare a
review paper on "Fouling Control Technology." Preliminary prepar-
ations produced an outline of 40 topics and subtopics (Table 1) to
potentially be covered in this paper. An on-line library litera-
ture search revealed 20,000 citations under these topics and more
careful review produced over 8,000 articles to be obtained.

An efficient, computerized method was developed to maintain a
listing of the articles and determine which articles were applica-
ble to any one section. As of this writing, over 500 articles are
maintained on the data base with additions being made on a routine

basis.

Upon receipt of a copy of an article, one of the researchers
would review it for content and decision on its retention in the
bibiographic file. Forms were provided which assigned the article
a unique file number and also identified bibliographic and applicable
section information. Computerizing the information on these forms
provided a data base which can be accessed in a wide variety of

methods.
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The "Fouling Control Technology" paper is complete, but the
data base is such a useful research tool that it is to be maintained
indefinitely. This report is a compilation of the data base. Each t
section of the original report will be contained herein with a list
of the references identified for that topic. Additionally, the full
bibliography from the original report is listed at the end of this
centralized compilation of literature in the area of fouling con-
trol. F

INTRODUCTION 1

Articles referenced under introduction are those which were ‘

useful in identifying the development, and the state-of-the-art
of the field of fouling control technology. These articles will
also help define the nature of marine fouling.

REFERENCES

4, 6, 7, 16, 20, 23, 43, 44, 53, 56, 58, 61, 68, 69, 72, 73, 74,
75, 86, 87, %2, 93, 96, 103, 105, 109, 111, 112, 113, 115, 116,
121, 127, 130, 131, 132, 134, 135, 136, 145, 149, 153, 154, 162,
168, 175, 193, 194, 199, 206, 202, 203, 204, 205, 206, 207, 213,
216, 217, 222, 224, 229, 240, 241, 242, 244, 246, 247, 248, 250,
252, 253, 254, 255, 257, 259, 260, 262, 264, 266, 267, 270, 284,
285, 286, 293, 296, 301, 303, 306, 311, 330, 333, 334, 339, 340,
346, 349, 352, 355, 357, 360, 365, 368, 372, 376, 386, 398, 402,
411, 413, 415, 423, 424, 426, 440, 442, 452, 457, 462, 465, 472,
475, 479, 481, 482, 489, 499, 502, 505, 506, 512, 9513, 516, 520,
534, 536, 543




DESIGNING INTEGRATED FOULING CONTROL SYSTEMS

Efficient control of fouling is generally the result of care- i
ful design and usually involves not just the use of one control ;
method, such as AF paints, but rather the linking one or more
methods, such as AF paint, and scrubbing together with additional
design and maintenance approaches. The philosophy behind integrated

fouling control systems is examined in these citations. t

REFERENCES A
{

17,

109,
173,
279,
405,
499,

25,

115,
175,
281,
419,
504,

53,

121,
193,
285,
420,
516,

58,

64,
123,
199,
301,
428,
525,

65,
126,
204,
311,
431,
526

EVALUATION OF EFFICACY

68,

130,
206,
327,
457,

69,

136,
216,
332,
468,

72,

85,
142,
222,
333,
470,

86,

145,
228,
340,
472,

87,

154,
247,
341,
474,

92,

157,
260,
349,
481,

efficacy and efficiency of a fouling control system.

REFERENCES
13,
79,

3, 4,
72,
l61,
220,
293,
371,
433,
486,

17,

5,

162,
222,
300,
372,
442,
498,

163,
234,
316,
373,
448,
504,

14,
80,

87,
164,
235,
326,
374,
449,
522,

18,

19,
92,
167,
240,
336,
378,
453,
527,

94,

25,

187,
247,
340,
379,
454,
538,

34,
102,

188,
248,
341,
380,
455,
546

35,
104,

189,
252,
343,
388,
457,

39,
128,

57,

192,
253,
347,
391,
476,

58,

210,
263,
350,
418,
477,

59,
143,144,

211,
274,
351,
419,
480,

93,

66,
146,

96,
164,
267,
365,
482,

218,
275,
354,
421,
481,

67,
150,

103,
166,
270,
382,
484,

These articles examine various methods of determining the

68,

219,
287,
366,
431,
484,

155,
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IN SITU TESTING

Various methods of testing have been developed to examine the
efficiency of a fouling control system in an actual marine envi-
romment, either under actual or simulated service conditions.

REFERENCES

3, 4, 5, 6, 13, 14, 18, 39, 57, 58, 59, 67, 68, 79, 80, 87, 94,
128, 143, 144, 145, 146, 161, 162, 164, 187, 189, 192, 211, 218,
219, 220, 233, 234, 238, 247, 248, 259, 293, 295, 298, 326, 340,
343, 349, 350, 354, 378, 379, 380, 387, 388, 390, 391, 418, 419,
421, 431, 433, 449, 454, 498, 522, 53¢

RAFT TESTING

material, such as an antifouling coating, can be exposed to a
marine environment.

REFERENCES
3, 14, 34, 58, 110, 144, 145, 146, 162, 163, 231, 232, 234, 238

!
I
} .
' Raft tests are a method by which samples of an antifouling
i
|
|
i 259, 293, 298, 342, 379, 418, 454, 497, 514, 528

ACCELERATED TESTING

Certain performance characteristics can be estimated by tests

conducted under accelerated conditions. These tests can be indica-

tive of long-~term material performance.

REFERENCES

3, 35, 66, 77, 104, 117, 144, 145, 146,150, 155, 163, 187, 189,
210, 211, 227, 235, 236, 238, 246, 263, 280, 287, 293, 308, 313,
316, 343, 347, 351, 370, 380, 385, 418, 441, 455, 476, 480, 527,
546
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DYNAMIC TESTING

Dynamic tests include those tests on which the material to be
characterized is placed in an environment with relative motion
between the substrate and the seawater. An example of this is the
rotating drum test used for determining antifouling paint performance.

REFERENCES
104, 146, 163, 187, 189, 343, 454

BIOASSAY

A biocassay of a material would involve exposing the material
to living organisms under a controlled environment and determining

some response parameter, such as toxicity, to the target organisms.

REFERENCES

6, 53, 66, 105, 139, 198, 209, 210, 211, 218, 219, 220, 240, 243,
244, 259, 263, 273, 287, 293, 295, 308, 351, 380, 418, 422, 427,
441, 453, 455, 456, 458, 476, 517, 527, 528, 541

LEACHING RATE

A leaching rate test is used to determine how guickly the
toxic moiety of antifouling material is released into the environ-
ment. This can be helpful in predicting the expected lifetime of
an antifouling material.

REFERENCES

35, 77, 117, 120, 129, 143, 144, 145, 150, 155, 189, 218, 219, 220,
233, 235, 236, 293, 296, 313, 314, 316, 317, 347, 351, 371, 373,
374, 457, 505, 528
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CHEMICAL CONTROL TECHNOLOGY

One area of major emphasis in fouling control has been the
incorporation of a chemical into a material which, when released,
prevents the accumulation of fouling. Extensive research has been
done into the most effective chemicals to be used and the most
efficient delivery systems to be used with them to provide long-
term antifouling protection.

REFERENCES

2, 4, 5, 7, 9, 10, 11, 13, 18, 21, 26, 28, 29, 31, 33, 35, 37, 39
40, 42, 43, 44, 47, 48, 50, 51, 53, 57, 58, 59, 62, 63, 64, 65,
67, 68, 70, 71, 78, 79, 80, 81, 82, 88, 89, 90, 91, 92, 93, 94,
97, 98, 99, 102, 103, 104, 106, 107, 108, 109, 116, 117, 122, 128,
133, 135, 138, 139, 141, 142, 143, 144, 148, 150, 151, 152, 160,
161, 162, 164, 166, 167, 169, 171, 174, 175, 176, 177, 178, 179,
180, 182, 183, 187, 188, 189, 190, 191, 192, 195, 196, 198, 199,
200, 201, 205, 207, 208, 209, 217, 218, 220, 221, 226, 228, 232,
236, 237, 239, 242, 244, 249, 251, 252, 253, 258, 259, 265, 268,
269, 270, 276, 277, 279, 280, 282, 285, 287, 289, 291, 294, 302,
303, 307, 309, 313, 314, 316, 317, 320, 321, 323, 324, 325, 326,
327, 328, 334, 336, 338, 340, 341, 344, 345, 348, 353, 354, 358,
361, 364, 365, 366, 368, 371, 372, 373, 374, 378, 279, 380, 381,
382, 383, 386, 388, 391, 394, 397, 399, 405, 406, 407, 408, 409,
412, 413, 414, 416, 419, 420, 421, 422, 424, 426, 427, 430, 431,
432, 434, 435, 437, 438, 440, 443, 444, 445, 446, 449, 450, 451,
453, 455, 456, 457, 458, 459, 463, 466, 468, 469, 470, 471, 473,
478, 480, 482, 484, 485, 486, 491, 492, 493, 494, 496, 501, 503,
504, 508, 511, 514, 519, 521, 522, 524, 525, 530, 531, 533, 535,
538, 541, 542, 545, 547
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TOXIC CONTROL AGENTS

J

A wide array of pesticidal products have been examined for

use in marine fouling control.

2, 4,
47,

78,

117,
152,
179,
198,
228,
271,
311,
340,
379,
407,
431,
451,
482,
511,
542,

48,
80,

5,

122,
160,
180,
200,
232,
276,
312,
341,
380,
408,
432,
453,
484,
514,
545,

9,
50,
81,

128,
161,
182,
201,
236,
277,
313,
344,
381,
409,
433,
455,
485,
517,
547

10,
51,
82,

13,

53,

88,
129,
162,
183,
205,
239,
280,
315,
345,
382,
413,
434,
456,
486,
519,

18,

57,

89,

133,
le4,
187,
207,
244,
282,
316,
348,
383,
414,
437,
457,
487,
521,

21,
58,
90,

138,
166,
188,
208,
249,
285,
320,
353,
385,
416,
438,
458,
492,
524,

29,
59,
91,

141,
167,
189,
209,
251,
289,
321,
354,
390,
419,
440,
459,
493,
525,

31,
61,
92,

33,

62,

93,
142,
169,
190,
210,
258,
291,
323,
358,
391,
420,
443,
463,
494,
526,

35,

63,

94,

143,
171,
191,
217,
259,
292,
324,
361,
394,
421,
444,
466,
496,
530,

37,
64,
97,

144,
174,
192,
218,
265,
297,
325,
368,
395,
422,
445,
468,
501,
531,

39,
65,
98,

148,
175,
195,
220,
268,
302,
327,
371,
397,
424,
446,
471,
503,
533,

40,
67,
99,

42,

68,

lo0z,
150,
176,
196,
221,
269,
307,
328,
375,
405,
426,
449,
473,
504,
538,

43,
71,
104,

151,
178,
197,
226,
270,
309,
334,
378,
406,
430,
430,
478,
508,
541,
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DELIVERY SYSTEMS (TOXIC)

Determining a toxic compound to be used is only a small part

of fouling contol. A major step is development of a method to
provide an adequate dosage of the toxic agent in intimate contact ﬁ
with the surface to be protected.

REFERENCES
2, 4, 9, 10, 21, 22, 29, 31, 33, 37, 42, 43, 47, 48, 50, 51, 53,
54, 58, 62, 63, 64, 65, 67, 68, 71, 78, 82, 90, 91, 92, 93, 94,
96, 97, 98, 99, lo2, 117, 120, 128, 129, 133, 138, 143, 144, 148,
151, 152, 160, 162, 164, 166, 167, 169, 174, 175, 176, 178, 179, A
y
182, 183, 189, 190, 192, 195, 196, 197, 198, 201, 207, 208, 221, ]
228, 232, 233, 236, 249, 258, 265, 268, 269, 270, 273, 276, 277, 1
]
{
1
I

281, 285, 289, 291, 302, 309, 311, 312, 313, 316, 320, 321, 324,
327, 328, 334, 340, 341, 345, 348, 353, 362, 365, 368, 379, 380,
381, 383, 386, 395, 400, 407, 408, 409, 413, 414, 416, 419, 420,
422, 426, 430, 432, 433, 435, 438, 440, 443, 445, 450, 451, 459,
463, 464, 466, 468, 470, 473, 474, 478, 482, 484, 485, 487, 492,
493, 494, 496, 501, 503, 511, 519, 521, 525, 526, 531, 533, 545,

547




547 COATINGS

The major method of protecting external surfaces has been to
cover the surface with a coating containing a toxic agent. Various
methods of incorporating the toxic agent into the coating have re-
sulted in varying fouling-free lifespans. Recent developments
have been to incorporate the toxic agents into the polymeric resin
base of the coating, resulting in low leaching rates and long-term
antifouling protection,

REFERENCES

2, 9, 10, 11, 13, 19, 20, 21, 23, 24, 31, 37, 42, 48, 50, 51, 53,
54, 57, 58, 59, 62, 63, 64, 71, 74, 80, 82, 89, 90, 92, 93, 94,
96, 97, 98, 99, 105, 117, 143, 144, 150, 151, 160, 162, 163, 164,
165, 166, 167, 174, 175, 176, 177, 178, 179, 180, 183, 187, 188,
189, 192, 193, 195, 196, 198, 202, 207, 208, 216, 217, 226, 227,
231, 232, 233, 234, 236, 237, 239. 243, 244, 260, 265, 269, 273,
280, 283, 285, 289, 291, 292, 311, 312, 313, 314, 316, 317, 319,
326, 332, 334, 338, 340, 344, 345, 346, 348, 354, 365, 368, 369,
371, 373, 374, 375, 377, 380, 383, 388, 403, 405, 406, 408, 410,
412, 413, 419, 420, 421, 422, 426, 430, 431, 432, 433, 434, 435,
454, 455, 459, 463, 464, 466, 475, 478, 485, 486, 487, 493, 494,
496, 502, 503, 504, 514, 515, 522, 533, 536, 538, 545
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ELASTOMERS

A variety of work has been done on the incorporation of
toxic agents into elastomeric (rubber) materials. These mate-
rials have been useful in a wide variety of specialized marine

applications.

REFERENCES
56, 92, 93, 96, 145, 147, 148, 162, 164, 191, 207, 223, 281, 311,
312, 319, 337, 365, 369, 407, 419, 422, 487, 503, 538

DIRECT INJECTION

The direct injection or generation of biocidal agents, such as
chlorine, into areas such as piping systems has proved highly
useful in the prevention of fouling.

REFERENCES

5, 10, 18, 29, 39, 40, 47, 49, 65, 67, 68, 78, 83, 88, 96, 103,
104, 128, 130, 133, 141, 142, 159, 166, 169, 190, 200, 201, 207,
217, 249, 251, 258, 261, 268, 282, 289, 302, 320, 321, 324, 327,
328, 334, 340, 341, 353, 365, 3t', 397, 416, 443, 444, 445, 44s,
328, 334, 340, 341, 353, 365, 381, 397, 416, 443, 444, 445, 44e,
448, 453, 468, 470, 471, 473, 480, 484, 492, 503, 507, 511, 521,
525, 526, 531, 547

IMPREGNATION

The protection of wood piers and bulkheads has presented a
major problem in biocontrol. The incorporation of toxic agents
into wood is vital in maintaining these facilities at reasonable
performance and cost levels.

REFRENCES

28, 43, 70, 79, 81, 92, 96, 122, 138, 151, 171, 182, 197, 207,
217, 225, 226, 270, 274, 275, 276, 277, 278, 292, 309, 342, 365,
390, 408, 413, 439, 441, 442, 448, 449, 450, 451, 495, 503, 508
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STRUCTURAL INCORPORATION

The incorporation of a toxic agent into actual materials
of construction is advantageous from maintenance standpoints.

Alloys of copper and fouling resistant structural composites
are the most prominent areas in this technology.

REFERENCES
4, 33, 73, 92, 93, 96, 102, 151, 187, 192, 197, 207, 226, 289,
309, 334, 345, 354, 365, 378, 379, 409, 438, 440, 480, 501, 519

NON-TOXIC CONTROL AGENTS

Due to concerns over environmental and worker safety, it is

advantageous to investigate non-toxic chemical agents, such as
hormones and repellents, to prevent the accumulation of fouling.

REFERENCES
7, 23, 26, 32, 43, 53, 76, 79, 80, 105, 106, 107, 134, 135, 172, §
202, 208, 242, 244, 258, 285, 297, 299, 303, 310, 329, 330, 332, !

334, 340, 359, 364, 365, 366, 377, 389, 394, 446, 462, 465, 468,
483, 515, 535

DELIVERY SYSTEMS (NON-TOXIC)

Just as it was necessary to have a system to deliver toxic
agents, it is also necessary to develop methods to deliver non-
toxic agents to the surface to make these approaches practical.

REFERENCES
43, 53, 107, 207, 208, 258, 285, 297, 310, 334, 365, 41z, 446, 535




PHYSICAL CONTROL TECHNOLOGY

Various methods have been developed to physically prevent
or remove fouling. Some methods involve the use of various forms

of enerqgy, modification of the surface or the use of mechanical

devices to remove or prevent fouling.

REFERENCES

1, 12, 15, 19, 25, 27, 30, 36, 41, 43, 44, 55, 60, 68, 72, 79,
92, 93, 95, 100, 101, 112, 124, 136, 140, 156, 157, 158, 159,
166, 170, 204, 207, 212, 215, 222, 230, 245, 252, 253, 258, 285,
289, 290, 300, 304, 305, 318, 322, 327, 334, 335, 339, 340, 341,
365, 376, 384, 389, 392, 393, 396, 397, 401, 404, 416, 417, 425,
428, 429, 436, 447, 460, 467, 468, 473, 481, 488, 500, 509, 510,
s16, 523, 529, 531, 537, 539, 540

MECHANICAL METHODS OF CONTROL

The oldest means, and still one of the current commercial

approaches, relies upon brute force to dislodge fouling organisms,

REFERENCES

12, 27, 55, 72, 92, 93, 95, 127, 157, 170, 204, 215, 217, 222,
241, 245, 258, 300, 318, 322, 327, 334, 338, 339, 340, 367, 365,
389, 392, 404, 415, 428, 429, 467, 468, 481, 482, 500, 509, 510,
516, 529




SCRUBBING

Scrubbing removes accumulated fouling. This is an effective
method by which fouling is prevented or removed,

REFERENCES

19, 27, 53, 72, 92, 93, 95, 125, 204, 215, 217, 222, 245, 258,
300, 318, 327, 334, 338, 363, 365, 404, 415, 428, 429, 467, 468,
481, 509, 510, 516, 529

EXTERIOR SCRUBBING

These references cover those methods by which fouling is
removed from exterior surfaces, such as ship hulls.

REFERENCES

92, 93, 170, 217, 365, 428, 429, 509, 510, 516

INTERIOR SCRUBBING

This section involves those methods by which fouling is removed
from interior surfaces, such as heat exchangers and other piping

systems.

REFERENCES
72, 95, 204, 222, 258, 300, 318, 327, 365, 404, 467, 468, 481,
516
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These references cover those methods by which a moving stream
is directed towards the surface from which the fouling is to be
removed.

REFERENCES
12, 92, 93, 125, 127, 170, 217, 258, 288, 353, 365, 428, 516

ULTRASONICS

The use of ultrasonic energy applied to or on an irradiated
surface has been demonstrated as an effective fouling control
method for ships and other structures.

REFERENCES
25, 30, 36, 53, 55, 118, 249, 258, 285, 289, 353, 365, 392, 468,
482, 516, 537

LOW SURFACE ENERGY MATERIALS

The use of low surface energy materials will not prevent the
attachment of fouling organisms, but will allow their easy removal
once they are attached.

REFERENCES
41, 68, 157, 158, 285, 353, 365, 398, 468, 482, 516
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ELECTRICAL METHODS

Electrical currents and fields are generally regarded as
antagonists of growth in biological systems.

REFERENCES

53, 100, 140, 159, 212, 285, 289, 393, 396, 417, 436, 447, 468,
473, 516

MAGNETIC METHODS

Attempts have been made to identify and quantify magnetic
responses in bio-organisms.

REFERENCES
60, 230, 290, 304, 305, 335, 353, 516

OPTICAL METHODS

The use of ultraviolet and high intensity light for the pre-
vention and removal of fouling can be of aid in certain systems.

REFERENCES
53, 258, 322, 365, 468, 490, 516
NUCLEAR METHODS
Ionizing radiation is known to be injurious to all living
systems at sufficiently large doses. Recent efforts have been

underway to revive this approach.

REFERENCES
1, 15, 53, 384, 468, 516, 534, 539, 540
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THERMAL METHODS

Sufficient heat will discourage biological attachment in the
initial stages and kill fouling organisms previously attached.

REFERENCES
16, 53, 68, 84, 101, 119, 166, 214, 248, 282, 340, 341, 376, 4l6,
452, 468, 488, 516, 531, 537

OSMOTIC METHODS

Most common marine fouling organisms will not tolerate signi-
ficant changes in the salinity of the medium, particularly in the

extreme of fresh water.

REFERENCES
53, 119, 166, 258, 282, 285, 340, 401, 425, 439, 460, 516

SURFACE MODIFICATION METHOD

Many fouling organisms respond to the surface condition of
the substrate to which they attach. This - an have an influence on

the normal rates of fouling.

REFERENCES
32, 41, 45, 46, 53, 68, 76, 112, 137, 156, 157, 158, 202, 285,
296, 306, 353, 356, 365, 377, 397, 410, 468, 482, 516, 535




EXPLOSIVE REMOVAL METHODS

Shock waves, generated by the detonation of an explosive
device, are a sure way of dislodging even the most tenaciously
attached fouling organism.

REFERENCE
516

CONCLUSIONS

Several authors have evaluated the wide range of potential
antifouling control tzchnology for a host of specialized appli-
cations, with the full knowledge that there is no "one best"”

solution.

REFERENCES
7, 53, 86, 92, 93, 95, 114, 115, 127, 146, 157, 162, 164, 175,
199, 204, 301, 327, 339, 372, 454, 479, 48l

PRESENT PRACTICE

The state-of-the-art in fouling control as presently practiced
varies, depending upon the nature of the problem, location, size,
accessibility, and a host of other variables.

REFERENCES

11, 19, 44, 53, 65, 68, 72, 79, 85, 86, 92, 93, 95, 114, 115, 121,
122, 124, 133, 161, 175, 176, 194, 199, 201, 204, 207, 222, 246,
247, 258, 266, 301, 311, 327, 339, 341, 365, 372, 386, 404, 411,
449, 454, 468, 475, 481, 492, 499, 500, 513




FUTURE DIRECTIONS

A significant amount of research in fouling control is currently

underway, but there is still much to be done.

REFERENCES 4
7, 16, 19, 20, 32, 41, 44, 53, 61, 72, 85, 86, 92, 93, 95, 98,

i 103, 105, 109, 113, 114, 115, 121, 123, 127, 130, 146, 150, 164,
175, 199, 207, 208, 209, 222, 242, 246, 258, 260, 285, 296, 301,
311, 317, 327, 339, 355, 365, 367, 372, 419, 424, 426, 466, 468,
469, 472, 479, 499, 516, 518, 528, 535
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